ABSTRACT. Musculature and glands of the esophagus in various wild birds and mammals were examined histologically. Cervical and thoracic esophagi of all birds used (mallard, spot-billed duck, Ural owl and Hodgson's hawk-eagle) were comprised of smooth muscle fibers only. In contrast, esophagi of the nutria, Japanese raccoon dog, common raccoon and Japanese marten consisted largely of striated muscle fibers. In the masked palm civet, Japanese macaque and bottlenose dolphin, esophageal muscle layers consisted of both striated and smooth muscle fibers. Esophageal glands were observed except for the nutria and masked palm civet. These results show a wide variety of the structural composition in the esophagus of wild animals, particularly mammals, examined in this study. KEY WORDS: esophageal gland, esophageal muscle layer, wild animals.
The distributions of striated and smooth muscles in the tunica muscularis of esophagus are known to vary extremely among animal species [1, 2, 6, 8, 10] . In dogs, ruminants and rodents including mice, rats and hamsters, the muscle layer of esophagus consists largely of striated muscle fibers. In humans and cats, the upper and lower portions of esophagus are composed of striated and smooth muscle fibers, respectively, with mixed composition of these fibers in the middle portion. In contrast, in the chicken and quail esophagi, whole length consists of smooth muscle fibers alone, as like other gastrointestinal tracts. In addition to the composition of the tunica muscularis, there are considerable class differences in the existence of esophageal glands in the tela submucosa (mammals) or lamina propria mucosae (birds) [7, 9, 10] . The glands are pronounced in humans, dogs and chickens, but are poorly developed in cats, rats and rabbits. However, the esophageal structure in wild animals has not been well known, which is uncommon to research subjects. We have obtained esophagi of wild animals through a series of works in the 21st Century Center-of-Excellence (COE) Program. In this study, the esophagi of wild birds and mammals were examined histologically to reveal their composition of muscle layers and the presence of glands.
Birds used in this study were the mallard (Anas platyrhynchos, body weight and sex are unknown, n=1), spotbilled duck (Anas poecilorhyncha, body weight and sex are unknown, n=1), Ural owl (Strix uralensis, 0.4 kg, female, n=1), and Hodgson's hawk-eagle (Spizaetus nipalensis, 1.4 kg, male, n=1). Mammals were the nutria (Myocastor coypus, 5.4 kg, male, n=1), Japanese raccoon dog (Nyctereutes procyonoides, 3.7 kg, female, n=1), common raccoon (Procyon lotor, 6.5 kg, female, n=1), Japanese marten (Martes melampus, body weight is unknown, female, n=1), masked palm civet (Paguma larvata, 2.5 kg, male, n=1), Japanese macaque (Macaca fuscata, 14 kg, male, n=1), and bottlenose dolphin (Tursiops truncates, body weight and sex are unknown, n=1). The animals were collected from Gifu Prefecture and the neighboring regions. Esophageal segments were isolated from the animals and fixed with 4 % paraformaldehyde in 0.1 M phosphate buffer (pH 7.4). The fixed tissues were embedded in paraffin and sectioned longitudinally or transversely, and mounted on glass slides. Sections of all samples were stained with hematoxylin and eosin for histological examination.
Results are summarized in Tables 1 and 2 . In birds, cervical and thoracic esophagi were examined. Tunica muscularis of esophagi of all birds used in this examination was comprised only of smooth muscle fibers (Fig. 1a , Table 1 ). In contrast, the esophagus of the nutria, Japanese raccoon dog, common raccoon and Japanese marten consisted mostly of striated muscle fibers (Fig. 1b , c, Table 2 ), which essentially resembled that of dogs and rats [1, 2, 10] , and mixed composition of striated and smooth muscles was observed in the distal terminal of the lower portion in these animals (Fig. 1d) . On the other hand, in the masked palm civet, Japanese macaque and bottlenose dolphin, the upper portion of esophageal muscle layer consisted of striated muscles, whereas the lower portion was composed of smooth muscles (Table 2) . This finding was similar to that of humans and cats [1, 2, 10] . The middle portion of esophagus was mixed structure by these two types of muscles (Fig. 1e, f, Table 2 ). In the masked palm civet, striated muscle extended three-fifth of the length of the esophagus before mixing with smooth muscle, and the lower portion consisted solely of smooth muscle. On the other hand, in the Japanese macaque, striated muscle fibers comprised the upper one-third, changing gradually to smooth muscle in the lower two-third. Unfortunately, the ratio of the composition of muscle layer in the bottlenose dolphin esophagus cannot be exactly determined because the whole esophagus was not obtained.
In all wild birds used here, esophageal glands were observed in the lamina propria mucosae (Fig. 1a, Table 1 ). On the other hand, in the Japanese raccoon dog, common raccoon and Japanese marten, the glands were well developed and present in whole length of esophagus (Fig. 1c,  Table 2 ). In the Japanese macaque and bottlenose dolphin, the glands were found, but their existence was restricted to upper/middle and upper portions of esophagus, respectively (Table 2 ). In contrast, the glands were not observed in the esophagi of the nutria and masked palm civet (Fig. 1b, e , Table 2 ), in which the proximal terminal could not be isolated for examination. The type of esophageal glands was a mucous gland in the mallard, spot-billed duck, Japanese raccoon dog, common raccoon, Japanese marten, Japanese macaque and bottlenose dolphin. On the other hand, the Ural owl and Hodgson's hawk-eagle were unable to be identified because fixation was not satisfied.
The composition of muscle layers and the existence of glands in the esophagi of carnivorous birds such as the Ural owl and Hodgson's hawk-eagle seem to be similar to those of omnivorous birds including domestic fowls such as chicken and quail [1, 9] , which indicates that these components of esophagus might be common in diverse species of birds, although there are considerable species differences in the development of crop [4] . In contrast, mammalian species exhibit a diversity of the composition of muscle layers and existence and/or distribution of the glands in esophagus.
None can provide a convincing explanation for the structural variations of esophagus among animal species at present. Considering that the esophageal muscle layers contribute to propulsion of food to stomach, it can be speculated that these differences in mammals relate to feeding pattern and/or food composition of each animal species. It has been recently demonstrated that peristalsis in the striated muscle and smooth muscle portions is regulated by different neural mechanisms [3, 5, 6] . These collectively suggest that muscle types and regulatory neurons may be optimally adapted in each animal. Alternatively, it is probable that distinctive compositions of esophagus relate to a vomiting reflex. To explore these possibilities, more comprehensive comparative studies are needed.
In summary, the results of this study show a wide variety of esophagus composition in wild animals, particularly in mammals. Because of the few opportunity to use these wild animal samples, our data would provide valuable and fundamental information for future works. 
